The chemical composition of the essential oils obtained by hydrodistillation from flower, leaf and stem of Falcaria vulgaris Bernh., from two different localities in Iran, were analyzed by GC and GC/MS (sample A from Ardabil and sample B from Khalkhal area). α-Pinene was the major constituent of the flower, leaf and stem oils from sample A: (43.8%, 33.0% and 50.9%, respectively). Of the 10 components detected in the oil of F. vulgaris flower, high amounts of β-caryophyllene (25.2%) and 1,8-cineole (12.8%) were recorded. α-Terpinyl acetate (23.2%) and limonene (14.4%) were major constituents of the leaf oil.
the presence of tannin and saponin, but no flavonoids nor terpenoids [4] . The oil of F. vulgaris aerial parts from Iran was reported to contain carvacrol (20.9%), spathulenol (27.1%), α-bisabolol (3.8%) and phytol (3.2%) as its major constituents [5] . A hydromethanolic extract of F. vulgaris has also been shown to have gastroprotective effects on ethanol-induced ulcer in rat [6] . Ulcerative lesions of the gastrointestinal tract are one of the major side effects associated with alcohol consumption [7] . Gastric ulcer is a benign lesion occurring at a site where the mucosal epithelium is exposed to acid, alcohol and pepsin. There are many products used for the treatment of gastric ulcers, including H2-blockers, M1-blockers, proton pump inhibitors, which decrease secretion of acid, and sucralfate and carbenoxolone, which provide mucosal defense. Although these drugs have brought about remarkable changes in ulcer therapy, their efficacy is still debatable. Reports on clinical evaluation of these drugs show that there are incidences of adverse effects and drug interactions during ulcer therapy [8] . Thus, there is a need for more effective and less toxic antiulcer agents. Plant extracts are some of the most attractive sources of new drugs and have been shown to produce promising results for the treatment of gastric ulcer [9] . The oil of F. falcarioides, growing in Iran, was characterized by a high amount of germacrene B (67.9%) among its 24 components, which comprised 97.6% of the total oil detected [10] . To the best of our knowledge, this is the first report on the analyses and antibacterial activities of oils from different parts of F. vulgaris.
The results obtained in the analyses of the oil of F. vulgaris flower, leaf and stem from two localities are listed in Table 1 , in which the percentages and retention indices of the components are given. About 99.1% βcaryophyllene (7.3%). The leaf oil contained three main compounds, α-pinene (31.5%), α-terpinyl acetate (21.9%) and limonene (16.8%). α-Pinene (34.5%), limonene (29.8%) and α-terpinyl acetate (12.3%) were also the major components of the stem oil, followed by carvacrol acetate (4.5%) and terpinene-4-ol (3.9%). As can be seen in Table 1 , the dominant compounds in the flower oil of sample B were sesquiterpene hydrocarbons, whereas monoterpenes were the major components of the sample A flower oil. In the oil from the aerial parts of F. vulgaris collected around Kermanshah, in the west of Iran, sesquiterpenes (40.6%) predominated over monoterpenes (30.2%), and spathulenol (27.1%), carvacrol (20.9%), α-bisabolol (3.8%) and phytol (3.3%) were the major constituents of the 64 characterized, comprising 83.8% of the total components detected [5] . The dominant compound of the 24 detected (97.6% of the total oil) in the oil from wild-growing plants of F. falcarioides from Iran was germacrene B (67.9%) [10] .
Results obtained in the antioxidant study of the essential oils are shown in Fig.1 . Antioxidant activity was tested according to the DPPH (2,2-diphenyl-1-pycrylhydrazyl) radical scavenging method. All the essential oils obtained from the two different localities scavenged the DPPH radical in a dose-dependent manner; the IC 50 values decreased in the following order: stem (B) > stem (A) > flower (A) > flower (B) > leaf (B) > leaf (A) (Figure 1 ). The sample A leaf essential oil showed very weak antioxidant activity. Figure 1 also shows that the leaf oil of sample B had a low level of radical scavenging activity. The sample B stem oil, with a higher monoterpene hydrocarbon (66.8%) and oxygenated monoterpene (23.3%) content in comparison with the other oils, had a higher antioxidant activity. The sample A flower essential oil was a more effective free radical scavenger than that of the sample B flower oil. The antimicrobial activity was tested on six bacterial and two fungal strains, using the agar diffusion method. Diameters of growth inhibition zones were measured. The results are presented in Table 2 . The essential oils showed antibacterial activity against Enterococcus faecalis, Pseudomonas aeruginosa, Klebsiella pneumoniae, Bacillus subtilis, Candida albicans (ATCC 10259), C. albicans (ATCC 24433), Staphylococcus aureus and Escherichia coli. Table 2 also shows that the sample A and B stem oils, and the sample B leaf oil had no antibacterial activity on Escherichia coli.
These results show that the oil constituents of the flower, leaf and stem from the same species of the same chemotype vary significantly. This variation is also observed for other species from other localities.
Analysis of previously published reports for the examined species and for other species that we have studied shows great variations in chemical composition within plant species in the same section as well within plants belonging to the same species when collected from different localities. Comparison of the results with the literature showed significant differences for the oils, which can be attributed to either climatic factors or genetic differences of the plants. All six oils are rich in cyclic compounds and the activity of the oils may be related to their content of cyclic monoterpenes and sesquiterpenes. Distillation: Air dried flowers (60 g), leaves (110 g) and stems (250 g) of F. vulgaris were separately subjected to 4 h of hydrodistillation in a Clevenger-type apparatus. The resulting oils from sample A were obtained in yields of 0.2% (flowers), 0.2% (leaves) and 0.1% (stems), w/w, and from sample B, flowers 0.2%, leaves 0.22%, and stems 0.11%, w/w. The oils were dried over anhydrous sodium sulfate and immediately placed into 6 glass tubes and sealed. The samples were stored in the dark at 2°C until analyzed.
Experimental
GC analysis: GC analysis was performed on a Shimadzu 15A gas chromatograph equipped with a split/splitless injector (250°C) and a flame ionization detector (250°C). N 2 was used as carrier gas (1 mL/min) and the capillary column was a DB-5 (50 m × 0.2 mm, film thickness 0.32 µm). The column temperature was kept at 60°C for 3 min and then heated to 220°C with a 5°C/min rate and kept constant at 220°C for 5 min. Alkanes (C 8 -C 20 ) were used as reference points in the calculation of relative retention indices (RRI).
GC/MS analysis:
GC/MS analysis was performed using a Hewlett Packard 5973 with an HP-5MS column (30 m × 0.25 mm, film thickness 0.25 µm). The column temperature was kept at 60°C for 3 min and programmed to 220°C at a rate of 5°C/min and kept constant at 220°C for 5 min. The flow rate of helium, as carrier gas, was 1 mL/min. MS were taken at 70 eV. Identification of the constituents of oils was made by comparison of their MS and retention indices (RI) with those given in the literature and authentic samples [11] . Relative percentage amounts were calculated from peak area using a Shimadzu C-R4A chromatopac without the use of correction factors. 
